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Starter-generator device for internal combustion 



engines and method for operating the device 



BACKGROUND AND SUMMARY OF THE INVENTION 

[0001] This application claims the priority of 

German patent Document 10 0 47 755.0, filed September 
27, 2000, the disclosure of which is expressly 
incorporated by reference herein. 



[0002] The present invention relates to a starter- 

generator device for internal combustion engines and a 
method for operating the device. 



[0003] German Patent DE 19632074 C2 discloses a 

starting device for internal combustion engines with at 
least one first nonpositive clutch and a starter- 
generator that can be actuated by means of an 
electrical energy source and is in effective connection 
with a selectable gearbox. The nonpositive clutch is 
positioned after the flywheel generator and ahead of 
the gearbox. This has the disadvantage that the 
generator cannot be switched on to synchronize the 
gearbox in the state decoupled from the engine and the 
generator cannot start an engine with a high breakaway 
torque . 
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[0004] An object of the invention is to design and 

arrange the starter-generator device in such a way that 
it is possible to omit components from the drive train 
and that even engines with a higher starting torque 
than that of the starter-generator can be started. 

0 [0005] According to the invention, this object is 

achieved by providing at least one nonpositive clutch 

1 ; |r 

f% is provided between a flywheel generator, which can be 

i| actuated by means of an electrical energy source, and a 

p combustion engine. The flywheel generator forms the 

%^ 

iU actual centrifugal mass of the combustion engine. 

"J 

[0006] One particular advantage of the invention is 

that the flywheel generator can break away a combustion 
engine that has a considerably higher breakaway torque 
than the torque of the flywheel generator in the 
starting state with the flywheel generator stationary, 
in which it would also have to crank the engine from 
stationary. It is thus also possible to crank the 
engine from the stationary condition of the engine by 
means of the already rotating generator. 

[0007] Another advantage is that the flywheel 

generator can be used to synchronize the gearbox. When 
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changing up to a higher gear, the gearbox input shaft 
can be braked by the flywheel generator until the 
desired rotational speed has been reached. 

[0008] Another advantage is that almost wear-free 

operation of the friction clutch between the flywheel 
generator and the combustion engine is possible because 
it can be assisted during the process of driving away 
by the action of the flywheel generator and, given 
appropriate dimensioning, can be closed almost without 
a speed difference. 

[0009] In a preferred development of the invention, 

specifically in the passenger-car sector, a vehicle can 
drive either forwards or backwards in first gear, thus 
making it possible to omit the customary intermediate 
shaft for reverse gear in a customary change -speed 
gearbox. This represents a considerable simplification 
of the gearbox and weight savings in the drive train. 

[0010] In another advantageous refinement, use is 

made of a gearbox in which a positive clutch is 
arranged on the input shaft. In interaction with the 
flywheel generator, this makes it possible to produce a 
particularly compact and inexpensive drive train. 
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[0011] Another advantage of the invention is that 

the flywheel generator can convert braking energy of 
the vehicle into other types of energy and thus serves 
as a wear-free brake. 

[0012] It is furthermore possible to operate the 

flywheel generator as a starter or a generator 
respectively, making it possible to omit units. 

[0013] Other objects, advantages and novel features 

of the present invention will become apparent from the 
following detailed description of the invention when 
considered in conjunction with the accompanying 
drawings . 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0014] Figs la shows a combustion engine with a 

centrifugal mass in accordance with the prior art 

[0015] Fig. lb shows a combustion engine with a 

detachable centrifugal mass in accordance with the 
invention; and 
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[0016] Fig, 2 shows a preferred arrangement of the 

device according to the invention with an additional 
dog clutch. 



DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 
[0017] Fig. la gives a detail view of a conventional 

arrangement of a combustion engine 7 with its 
centrifugal mass 3 in accordance with the prior art. 
The centrifugal mass 3 is connected directly to the 
crankshaft of the combustion engine 7 and ensures that 
the combustion engine 7 operates with adequate 
smoothness. The centrifugal mass 3 can be decoupled 
from the remainder of the drive train by means of a 
friction clutch 2, To drive away, the engine is started 
and the friction clutch 2 is closed, for example, with 
the centrifugal mass 3 serving as a pressure plate for 
the friction clutch 2. Fig. lb illustrates an 
arrangement in accordance with the invention. It is 
reversed compared with that in Fig. la, with the 
friction clutch 2 now being mounted between the 
crankshaft of the combustion engine 7 and the 
centrifugal mass 3, so that the centrifugal mass 3 of 
the combustion engine 7 can now be decoupled from the 
latter. Now that it is decoupled from the engine, the 
centrifugal mass can also be supplied with current like 
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an electric machine with a rotor and a stator and can 
be accelerated electrically as a flywheel and produce a 
positive or negative torque, depending on the direction 
of the current. In generator mode, energy can be 
withdrawn and braking torque can thus be produced. In 
principle, the direction of rotation of the centrifugal 
mass can also be changed according to the direction of 
the current . 



[0018] Fig. 2 shows a drive arrangement for internal 

combustion engines in the form of block diagrams and 
shows a combustion engine 7, which can be connected, 
for driving a flywheel generator 3 by means of a 
friction clutch 2. As illustrated in Fig. lb, this 
flywheel generator 3 forms the actual centrifugal mass 
of the combustion engine 7 . 



[0019] The flywheel generator 3 can be separated 

from the crankshaft (not shown) of the combustion 
engine 7 by opening the clutch 2. The flywheel 
generator 3 can be accelerated by means of a source of 
energy 5, preferably the vehicle's battery, or an 
electric starter motor. If the flywheel generator 3 is 
driven by a starter motor, it can be flanged to it by 
means, for example, of a transmission leading to a 
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speed increase by means of gears. However, the flywheel 
generator 3 preferably takes over the function of the 
starter of the vehicle and, for this purpose, is 
supplied with current by the vehicle's battery, 

[0020] The flywheel generator 3 is effectively 

connected with an unsynchronized selectable gearbox 4, 
The gearbox 4 has a gearbox input shaft (not shown) 
and, as a main shaft, a gearbox output shaft (not 
shown) , which interact in the customary manner with a 
layshaft (not shown) . In addition, there can also be an 
intermediate shaft for reverse gear, as is customary. 
The gearbox 4 can also be a non- coaxial gearbox with 
only an input shaft and an output shaft. 

[0021] In a preferred development of the invention, 

the flywheel generator 3 is connected to the change- 
speed gearbox 4 in terms of drive by means of a further 
clutch 6, preferably a positive clutch, e.g. a dog 
clutch. The use of this arrangement is particularly 
preferred in vehicles in which the gearbox 4 further 
down the drive train or other units have very high drag 
torques when cold- starting , as, for instance, in 
trucks. The further clutch 6 is particularly 
advantageous when the drag torque of the gearbox 4 is 
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too high when cold- starting the combustion engine, 
owing to the temperature-related high viscosity of the 
transmission fluid for example, and the drag torque, 
which is caused by the shafts and gears of the gearbox, 
needs to be decoupled for starting. This is 
advantageous, particularly in the case of trucks. 



[0022] In the case of a low drag torque or even when 

warm-starting, when the viscosity of the transmission 
fluid is low, an additional clutch 6 ahead of the 
gearbox 4 can be dispensed with or it can be kept 
closed. To start the engine when the vehicle is 
stationary, it is then also possible to divide the 
drive train within the gearbox 4 at the input shaft or, 
by means of idling, at the main shaft by shifting the 
gearbox 4 to neutral . 



[0023] Specifically in the latter case, the moment 

of inertia and the centrifugal mass of the arrangement 
can be increased, especially for the process of 
starting the combustion engine 7, since the rotatory 
mass of the gearbox input shaft or the layshaft can be 
used as well, depending on the location of installation 
of the separating clutch. Admittedly, the drag torque, 
which is unwanted per se, increases with the 
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centrifugal mass. However, depending on the drag torque 
inherent in the design, a suitable point of 
installation for the separating clutch between the 
flywheel generator 3 and the gearbox input shaft and/or 
layshaft that results in an advantageous ratio of 
effective centrifugal mass to drag torque can be 
selected. 

[0024] The device 1 according to the invention can 

be constructed as a compact starter-generator unit with 
the friction clutch 2 and the dog clutch 6 that may be 
present, which is arranged between the crankshaft of 
the combustion engine 7 and the gearbox 4. 



[0025] One particularly preferred option is to 

arrange a dog clutch on the gearbox input shaft and to 
construct the gearbox 4 as the preferred dog-type 
constant -mesh layshaft gearbox. This is a very compact 
option and can eliminate the need for the separately 
arranged dog clutch 6. 



[0026] In the past, consideration has been given to 

combining the starter in the motor vehicle with the 

generator to give a starter-generator unit in order in 

this way to eliminate one of these two units. For 
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reasons of cost, this has not hitherto been a 
worthwhile possibility, especially in the truck sector, 
since the starter-generator unit, consisting of a 
flywheel generator, would have to be of very large 
dimensions to enable it to crank the combustion engine 
from stationary. In this case, however, there would be 
a considerable reduction in the efficiency of the 
starter-generator unit in generator mode. This applies 
especially to trucks, in which the breakaway torque of 
the combustion engine is considerably higher than that 
of a passenger car, that is to say that they in fact 
require a very much larger starter-generator for 
starting than would a passenger car, for instance. 



[0027] At the same time, the breakaway torque of the 

passenger car corresponds approximately to a power 
requirement equal to that of the electrical loads in 
the vehicle's electrical system. A starter-generator in 
a passenger car can therefore be dimensioned adequately 
for both applications. 



[002 8] However, the breakaway torque of a truck can 

be higher by a factor of up to about 10 than that of a 
passenger car. On the other hand, the requirement for 
electric power in the two classes of vehicle is 
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approximately equivalent, and hence the generators of 
passenger cars and trucks are approximately equivalent 
in terms of their electric power. 

[0029] However, this means that a starter-generator 

that is adequately dimensioned for starting a truck 
would simultaneously be far too large as a generator 
and would operate essentially only in the part- load 
range with an unfavourable efficiency. This leads, 
however to unnecessary costs and excessive weight and 
hence to increased fuel consumption. With increasing 
engine power, a conventional solution of this kind is 
therefore no longer worthwhile for trucks. 



[0030] According to the invention, however, the 

flywheel generator 3, which is designed to be adequate 
for supplying the vehicle's electrical system, can also 
start a combustion engine 7 that has a significantly 
higher breakaway torque than the torque of the flywheel 
generator 3 when starting from stationary. When 
starting from stationary, the only source of power 
available to the flywheel generator is the torque 
generated by the supply of current to the flywheel 
generator. This would not be enough to overcome the 
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breakaway torque of the high-power combustion engine 7 
and crank it as well. 



[0031] For purposes of starting, the invention 

specifies that the flywheel generator 3 be separated 
from the friction clutch 2 and from unwanted drag 
torques of the gearbox 4 before starting the combustion 
engine 7. For this purpose, the dog clutch 6, where 
present, is opened or the gearbox 4 is decoupled by 
opening gearbox clutches in a preferred dog-type 
constant -mesh layshaft gearbox 4 or the gearbox 4 is 
shifted to neutral. Briefly decoupling the centrifugal 
mass of the engine from the crankshaft allows the 
flywheel generator 3 to be supplied with current by the 
source of energy 5 until it has accelerated to a high 
speed (specified speed) and then the combustion engine 
7 to be started by means of the breakaway torque of the 
rapidly rotating centrifugal mass by closing the 
friction clutch 2 as quickly as possible. The flywheel 
generator 3 preferably continues to be supplied with 
current in order to crank the combustion engine 7 and 
counteract the drop in the kinetic energy of the 
flywheel generator 3 . 
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[0032] The combustion engine 7 is then once more 

separated mechanically from the flywheel generator 3 
for a brief period by briefly reopening the friction 
clutch 2 and running the flywheel generator 3 down 
until it is approximately stationary in order to 
connect up the gearbox 4, either by supplying the 
flywheel generator 3 with current in the opposite 
direction or discharging energy into a storage device, 
a resistor or the like. The gearbox 4 is connected up 
by closing the dog clutch 6 positively or closing the 
gearbox clutches. The friction clutch 2 between the 
combustion engine 7 and the flywheel generator 3 is 
then closed again. As a result, the torque of the 
combustion engine can now be passed through into the 
gearbox 4 since the gearbox 4 has now been 
reincorporated into the drive train or connected up. 
The smooth running of the combustion engine 7 is now 
once again stabilized by the centrifugal mass of the 
flywheel generator 3. During subsequent driving, the 
dog clutch 6 is preferably kept closed. 



[0033] If the intention is to stop the vehicle in 

this state with the combustion engine 7 running, the 
gearbox 4 must be shifted to neutral. A drive train 
control system is provided for this purpose. 
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controlling the dog clutch 6 and/or the gearbox 4 with 
or without a dog clutch arranged on the input shaft in 
the gearbox 4, the speed and torque of the combustion 
engine 7 and the speed and torque of the flywheel 
generator 3 depending on the driver's requirements and 
rotational -speed ratios . 

[0 034] The vehicle can be driven away in such a way 

that the idling speed of the combustion engine 7 is 
maintained and the friction clutch 2 is closed slowly. 
If the power supplied by the combustion engine 7 is not 
sufficient for driving away, the engine speed is 
increased accordingly . 



[0035] However, it is especially advantageous to 

supply the flywheel generator 3 with current when 
driving away in order thereby to supplement by means of 
the flywheel generator 3 the drive -away torque to be 
built up via the clutch 2. Especially in the passenger- 
car sector, the vehicle can be accelerated in a 
particularly advantageous manner to the matching 
rotational speed by means of the flywheel generator 3 
alone, and the clutch 2 can then be closed without 
there being a difference in rotational speed. This 
makes it possible to operate the clutch 2 almost 
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without wear. In addition, this version makes it 
possible to eliminate an involved clutch control system 
for the friction clutch 2 since this now has 
essentially only to be able to open and close as 
quickly as possible. 

[0036] The device according to the invention has the 

advantage that the flywheel generator 3 can be used to 
accelerate the drive train up to the synchronous idling 
speed of the combustion engine 7. This makes it 
possible to operate the friction clutch 2 without a 
difference in rotational speed. There is virtually no 
wear on the clutch 2 over the entire life of the 
vehicle . 



[0037] Thanks to the possibility of decoupling the 

crankshaft from the centrifugal mass of the combustion 
engine 7 formed by the flywheel generator 3, at least 
briefly, by means of the friction clutch 2, the same 
flywheel generator 3 can also be used to synchronize 
the change -speed gearbox or dog- type constant -mesh 
layshaft gearbox 4 further down the drive train without 
having to take into account the remaining rotatory mass 
of the engine crank mechanism at the same time. This 
makes the system highly dynamic. 
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[0038] As already described, the installation, 

between the flywheel generator 3 and the gearbox 4, of 
a dog clutch 6 that can be operated when there is 
synchronism between the gearbox input shaft and the 
flywheel generator 3 or in the stationary condition is 
advantageous if the drag torque of the gearbox 4 is too 
high, this being a preferred development of the 
invention. This makes it possible for the input shaft 
of the gearbox 4 to be decoupled during the process of 
starting the combustion engine 7 and for the 
centrifugal mass of the flywheel generator 3 alone to 
be accelerated to the desired rotational speed. 

[0039] If a separable connection between the input 

shaft and the layshaf t gear mounted on . the input shaft 
is arranged on the input shaft at the input of the 
gearbox, the dog clutch 6 further up the drive train, 
between the flywheel generator 3 and the gearbox 4 , can 
be omitted. Moreover, if the drag torques of the 
layshaft and the input shaft in the gearbox 4 are so 
low, when driven by the flywheel generator 3 , that they 
only reduce the final rotational speed of the flywheel 
generator 3 for starting the combustion engine 7 to a 
negligible extent, both the dog clutch 6 ahead of the 
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gearbox input and a dog clutch on the gearbox input 
shaft can be omitted entirely. In this case, all that 
is required for the starting operation is to ensure 
that neutral is selected in the gearbox 4 . 

[0040] With the device according to the invention 

and the corresponding method, it is also a simple 
matter to synchronize the unsynchroni zed gearbox 4 
driven by the combustion engine 7 while driving. If the 
friction clutch 2 is a mechanical clutch, it can remain 
continuously closed while driving and need only be 
opened to start the combustion engine 7 when the 
vehicle is stationary and for selecting first gear to 
drive the vehicle away if it has not already been 
possible to accelerate the latter to the synchron- 
ization speed of the clutch by the starter-generator. 

[0 041] Synchronization is accomplished by means of 

the flywheel generator 3 and appropriate control of the 
combustion engine 7 by matching the rotational speed of 
the input shaf t/layshaf t and gears to the rotational 
speed of the main shaft. The gear in the dog-type 
constant -mesh layshaft gearbox 4 can now be engaged 
when synchroni zed . 
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[0042] In the case of a mechanical friction clutch 

2, which is operated by the driver using a clutch 
pedal, the gears are changed up with the friction 
clutch 2 closed. The engine torque is adjusted by the 
drive train control system until the drive train is 
load-free. As a result, there is no stress on the gears 
in the gearbox 4 and the preferably automated gear 
change system selects neutral, with the result that 
there is no longer any drive through to the main shaft. 
The gearbox input shaft is now braked since the 
transmission ratio is lowered when changing up. In 
order to brake the layshaft until this synchronization 
speed is reached, it is advantageous if the required 
lower rotational speed of the input shaft is reached as 
quickly as possible. For this purpose, the full engine 
torque can be set to zero and/or, in addition, energy 
can be withdrawn from the flywheel generator 3 or it 
can be supplied with current in the opposite direction. 
Once the synchronization speed has been reached, the 
higher gear is selected and the engine torque and the 
braking measures are established. The engine torque of 
the combustion engine 7 is thus transmitted to the 
driven axle again. 
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[0043] In the case of an automated friction clutch 2 

that is controlled in a fully automatic manner, 
upshifting is performed with the friction clutch 2 
open. The braking of the gearbox input shaft is 
accomplished quickly since the rotatory mass of the 
c r ank mechanism is decoupled and the shaft can be 
braked to the synchronization speed very quickly with 
the flywheel generator 3. When closing the clutch 2, it 
is advantageous to increase the speed of the combustion 
engine 7 and match it to the speed of the gearbox. This 
allows the friction clutch to be closed without a 
difference in speed and hence very gently. 



[0 044] When changing down, the sequence for a 

mechanical and automated friction clutch is essentially 
the same. The friction clutch remains closed. The 
engine torque is adjusted until the drive train is 
load-free. The gear is disengaged and the rotational 
speed of the layshaft is raised to that of the gear 
that is to be selected in the gearbox 4 by increasing 
the engine torque accordingly. The lower gear is 
engaged and the engine torque is released. To promote 
quicker selection, the combustion engine 7 can also be 
accelerated by the flywheel generator 3 . 

Synchronization with the clutch 2 closed is 
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advantageous during the downshift operation since the 
engine torque can be used to accelerate the gearbox 
input shaft instead of the torque of the flywheel 
generator 3 . 

[0045] Synchronization of the gearbox 4 both when 

O the friction clutch 2 is open and when it is closed 

also depends essentially on the dynamics of the engine 
Y% control system and the endurance of the engine braking 

Y\ function or on the endurance of the clutch operating 

system. Synchronization with the automated friction 

, ■■V* 

n| clutch 2 open when changing up is advantageous if as 

O dynamic braking of the layshaft by the flywheel 

generator 3 as possible is desired. It is possible to 
avoid retardation by the inertia of the combustion 
engine 7 . 

[0046] The arrangement according to the invention 

furthermore has the additional great advantage that the 
gearbox 4 can be simplified by dispensing with an 
intermediate shaft for the reverse gear. In the case of 
passenger cars, reversing can preferably be 
accomplished in a simple manner, expediently by opening 
the friction clutch 2, expediently while the vehicle is 
stationary and preferably with the combustion engine 7 
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idling or stationary, and supplying the flywheel 
generator 3 with current in the opposite direction, 
allowing it to rotate in the opposite direction in 
comparison with forward travel once first gear has been 
engaged. Since the input shaft and hence also the 
output shaft are now driven by the flywheel generator 
3, which is running in reverse, the vehicle travels 
backwards in first gear with electric drive. This makes 
the gearbox 4 considerably simpler and less costly. It 
does not matter here that the combustion engine 7 is 
now running without an actual centrifugal mass since, 
on the one hand, the vibrations of the combustion 
engine 7, which runs in an irregular manner, are not 
transmitted to the drive train because the friction 
clutch 2 is open and, on the other hand, the mass of 
the crank mechanism stabilizes the engine somewhat. 
Moreover, the idling speed of the combustion engine 7 
can be increased to prevent the engine from stopping or 
it is deliberately stopped temporarily in order then to 
be restarted with almost no noise by the flywheel 
generator 3 for forward travel . 

[0047] The device according to the invention can 

furthermore also be used in a vehicle with four-wheel 
drive, in which the first axle is driven by the 
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combustion engine 7 and/or the flywheel generator 3 and 
the second axle is driven by an alternative drive. This 
drive can assist the flywheel generator 3 in the 
various operating states. 

[0048] According to a preferred embodiment of the 

solution according to the invention, provision is made 
for the flywheel generator 3 to be designed as a wear- 
free brake. 

[0049] It is particularly advantageous to construct 

the friction clutch 2 and the flywheel generator 3 as a 
compact starter-generator subassembly that can be 
inserted in a space-saving manner between the engine 7 
and the gearbox 4. If a positive clutch 6 is provided 
ahead of the gearbox 4, it can likewise be integrated 
into the starter-generator unit . 

[0050] It is also particularly advantageous if the 

dog clutch 6 is integrated into the gearbox 4 . The 
flywheel generator 3 can additionally also be 
integrated into the gearbox 4 . It is furthermore 
possible to combine the flywheel generator 3 with the 
friction clutch 2 to form a subassembly and/or to 
provide the dog clutch 6 in the change- speed gearbox 4. 
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[0051] It is advantageous if the entire unit is 

designed in such a way in terms of control systems that 
neutral is selected in the gearbox when the vehicle is 
stationary in order to connect the centrifugal mass of 
the flywheel generator 3 to the crankshaft by means of 
a closed friction clutch 2 and damp the irregularity of 
the engine . 

[0052] With the engine running, it is thus possible 

to charge the vehicle's battery (not shown) with the 
starter-generator unit as in the case of a conventional 
generator . 

[0053] The flywheel generator 3 can furthermore 

advantageously also be used as a wear- free brake for 
the vehicle in order to spare the normal service brake. 
An auxiliary drive function to assist the engine 7 is 
likewise possible. It is also possible to effect the 
drive-away process solely with the flywheel generator 3 
as the drive, in which case the friction clutch 2 can 
once again be closed without a difference in speed and 
hence essentially without wear. In addition to the 
advantageous reduction in wear in the friction clutch 
2, there is, preferably in the passenger-car sector. 
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also an advantageous simplification of the friction 
clutch 2, which need now only be opened and closed 
quickly, as it were digitally. 

[0054] This is particularly advantageous for vehicles 
that must drive away frequently, such as buses or 
waste-disposal vehicles. 

[0055] During braking, the excess energy can be 

converted into heat in an electrical resistor, this 
necessitating appropriate cooling measures, and/or the 
energy can be used to charge the vehicle's battery. The 
energy can preferably also be used directly to supply 
storage media, e.g. filling a compressed-air storage 
device in a truck with compressed air and/or applying 
wheel brakes with an electric motor in an operation 
that requires a large amount of current. In this case, 
the aim is to use a flywheel generator 3 with a minimum 
possible build-up time, within which the power has 
risen to 90%, of about 100 ms . 

[0056] The foregoing disclosure has been set forth 

merely to illustrate the invention and is not intended 
to be limiting. Since modifications of the disclosed 
embodiments incorporating the spirit and substance of 
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the invention may occur to persons skilled in the art, 
the invention should be construed to include everything 
within the scope of the appended claims and equivalents 
thereof , 



